Introduction
Encapsulated solvent processes are one of the new absorption processes currently under development for CO 2 capture. In the encapsulated solvent process, the solvent fluid is enclosed in a membrane capsule that isolates the working solvent within the capsule. This means that the CO 2 permeates through the membrane wall to react with the active components in the solvent (the absorption stage) while the other components in the flue gas are emitted at the top of the absorber. To desorb the CO 2 , heat is applied through direct or indirect heating and the released CO 2 permeates back through the capsule to the top of the regenerator, while the lean sorbent capsules are ready to be used in the absorption stage again to complete a closed-loop absorption-desorption cycle. Figure 1 shows the mass transfer mechanism of the encapsulated solvent process. There are four steps during the absorption process 1) diffusion of CO2 through the gas phase, 2) diffusion of CO2 through the capsule shell, 3) diffusion of CO2 through the liquid phase, and 4) the absorption reaction inside the capsule. The CO2 desorption is the reverse order of these steps.
Figure 1 -Mass transfer mechanism in the absorber and regenerator

Note: a ) Diffusion in gas phase; b ) Diffusion in membrane phase; c ) Diffusion in liquid phase; d ) Absorption / desorption reaction
One of the main advantages of an encapsulated solvent is that it provides a significantly higher surface area compared to conventional packing (Aines et al. 2013; Stolaroff and Bourcier 2014; Vericella et al. 2015) . This could translate into a significant reduction in the absorber height requirement. The encapsulation also enables the use of solvents that are impractical for use in a conventional CO 2 absorption system, such as solvents with high viscosity, solvents with slow kinetics, and solvents that involve solid precipitation (Aines et al. 2013) .
This study provides a preliminary assessment of costs for post-combustion CO 2 capture using the encapsulated solvent process. The analysis compares the performance and cost of two encapsulated processes. The first encapsulated solvent process configuration uses multiple fixed-bed columns (FB) as the absorber and regenerator and the second process configuration uses a circulating fluidized bed (CFB) as the absorber and a bubbling fluidized bed as the regenerator. The analysis also compares the encapsulated solvent process with absorption in a conventional packed column The capture of CO 2 from the flue gas comes from a new build 500 MW super-critical black coal power plant in Australia is evaluated. The flue gas is assumed to contain 13 %-mole of CO 2 , 75 %mole of N 2 , 5 %-mole of O 2 , 7 %-mole of H 2 O. The analysis assumes that 90 % of the CO 2 is recovered by the encapsulated solvent process, and in the post-treatment process the separated enriched CO 2 stream is dehydrated and then compressed to 100 bar ready for transport. The solvent used in both encapsulated solvent configurations and the conventional process is MEA 30 % wt. Figure 2 shows that the capture costs for the baseline commercial un-promoted MEA encapsulated solvent processes are almost two times higher than that of commercial MEA solvent absorption in a conventional packed-column. This arises due to the higher capital costs and regeneration energy of these systems. The capital cost of the encapsulated solvent process is double that of the conventional packed-column process. For the FB configuration, the high capital cost arises because multiple absorber and stripper units are required to keep the superficial gas velocity below the fluidization point. For the CFB configuration, the high capital cost arises because of the large dimensions of the regeneration that are required for the installation of embedded tubes to supply the heat required for regeneration of the capsules.
Results and conclusion
To be competitive with other CO2 capture technologies, encapsulated solvent systems need improvements in the process design that may include incorporating a heat recovery scheme, improved capsule properties, novel absorber and/or stripper columns and use solvents with high working capacity, low heat of reaction, low cost and is environmentally benign. 
